Abstract. Cancer cells are characterized by a low antigenic immunogenicity, a rapid growth and an immunosuppressive effect on the extracellular matrix. These properties induce a weak immune response in colorectal cancer (CRC) carcinogenesis. It is therefore crucial to determine the composition of the inflammatory mass, including neutrophils, macrophages and eosinophils in the tumor tissue of patients with CRC, and to analyze other clinicopathological parameters. The present study included 144 patients diagnosed with CRC. Tissue samples obtained from routine histopathological diagnosis were stained with hematoxylin and eosin. Inflammatory cells were assessed in the invasive front and in the center of the tumor by light microscopy under a high-power magnification. The percentage of neutrophils in the invasive front was significantly higher compared with that in the center of the tumor mass (P<0.01). Macrophages and eosinophils were present in the invasive front and in the center of tumor mass in most cases. The presence of neutrophils, macrophages and eosinophils was correlated with various clinicopathological features. Patients with macrophages present in the center of tumor mass had longer disease-free survival time (P=0.041). In conclusion, the present study demonstrated that the inflammatory cell infiltrate served a significant role in the immune response of patients with CRC. It should be noted that the presence of macrophages localized in the stroma of the central part of the primary tumor mass was associated with the survival time of patients with CRC.
Introduction
Defense mechanisms are effective only in the early stages of cancer development. Throughout tumor growth, cancer cells acquire various properties that allow them to reduce the body defense mechanisms (1) . Cancer cells display low antigenic immunogenicity and rapid growth (2) . Furthermore, cancer cells exhibit immunosuppressive activity on the extracellular matrix. These properties weaken the immune response during colorectal carcinogenesis (2) . In the field of tumor microenvironment research, the role of macrophages, also known as tumor-associated macrophages (TAM), is of particular interest. It has been hypothesized that the macrophages population in the tumor may not be homogeneous, and that certain macrophages may undergo abnormal stimulation. These macrophages may transform from antigen-presenting cells that stimulate the immune system to fight cancer, into cells that secrete factors that increase cancer cell proliferation and stimulate tumor angiogenesis (3) . Subsequently, neutrophils serve a fundamental role in the antimicrobial defense system of the body. Neutrophils comprise granules that contain large amounts of free radicals and serine proteases, including peroxidase and lysozyme (4) . It has been reported that minor inflammatory activity is maintained in patients with colorectal adenomas, which confirms the influence of inflammation on intestinal cell proliferation (5) . In such cases, neutrophils undergoing apoptosis permanently accumulate in the mucous membrane; they are therefore not cleared by macrophages and release their intracellular granules, which can cause tissue damage and loss of control over their regeneration (6) . Neutrophil granulocytes and macrophages secrete tumor growth factors, including vascular endothelial growth factor, hepatocyte growth factor, interleukin (IL)-6, IL-8, matrix metalloproteinases and elastase, which can contribute to the stimulation of the tumor microenvironment (7, 8) . In addition, it has been demonstrated that the presence of eosinophils in the tumor mass may be a prognostic factor in patients with colorectal cancer (CRC) (9) . It is therefore crucial to determine the cellular composition of the inflammatory mass, including neutrophils, macrophages and eosinophils in the tissues of patients with CRC, and to evaluate their association with other clinicopathological parameters and disease-free survival (DFS).
Materials and methods
Patients. The present study included 144 patients diagnosed with CRC (88 men and 56 women) who underwent surgery Prognostic significance of inflammatory cell response in patients with colorectal cancer in the Department of Oncological Surgery, Comprehensive Cancer Center (Białystok, Poland) between April 2014 and December 2016. The mean age of the patients was 67.5 years, including 34 patients <60 years-old and 110 patients >60 years-old. The majority of patients presented similar symptoms, including abdominal pain, anemia, rectal bleeding, constipation, diarrhea, vomiting and anorexia. In the majority of cases, patients additionally received treatment for hypertension, type II diabetes, osteoarthritis and coronary heart disease. However, none of the patients had received inflammatory therapy.
All patients underwent routine diagnostic tests, including basic diagnostic laboratory tests (morphological tests and lipid profiles), electrocardiography, spirometry, arterial blood gasometric test, X-ray and computerized chest tomography. The clinical stage of CRC was evaluated according to the Tumor-Node-Metastasis (TNM) classification (10) and the Dukes staging systems (11) . Prior to surgery, patients with tumors identified in other sites received no inflammatory or immunosuppressive therapy. The response to preoperative therapy was estimated according to the Response Evaluation Criteria in Solid Tumors (12) .
The present study was performed in accordance with the Declaration of Helsinki for Human Experimentation, and the protocol was approved by The Bioethics Committee of the Medical University of Bialystok (approval no. R-I-002/351/2016). Written informed consent was obtained from all participants.
Histopathological examination of CRC tumor tissue. Tissues obtained from surgery were fixed in 4% buffered formalin for 24 to 72 h at room temperature. Small section of tissue were embedded in paraffin. Sections (4 µm-thick) were cut from paraffin blocks and stained with hematoxylin and eosin (H&E) at room temperature for 4 min (cat. no. 468802128; POCH S.A.; Avantor Performance Materials Poland, Gliwice, Poland) according to the manufacturer's protocol. The slides were deparaffinized in an oven at 60˚C for 5 min. Subsequently, slides were rehydrated in xylene (three washes, 10 min each) and graded ethanol (100, 95, 85 and 75%, 1 min at each concentration). Routine histopathological assessment was of the sections was performed by two pathologists blinded to the clinical information. The type of tumor growth, tumor size, histological type, percentage of mucinous components, grade of malignancy, TNM and Dukes stages was determined by the pathologists. Venous, lymphatic and perineural invasion of cancer cells were also analyzed. Characteristic features of lymph node invasion were examined, including the number of resected and invaded lymph nodes, the presence of micro-and macro-metastases, invasion of the pouch lymph node, presence of distant metastases and the size of metastases. The presence, number and size of the deposits of cancer cells were also assessed (13) . The tumor stroma ratio was then determined, as previously described by Huijbers et al (14) . The analysis was performed in the most invasive tumor area of each slide by using x25 or x50 magnification. The tumor and stromal tissues were identified and subsequently viewed at x100 magnification. According to above criteria, tumor cells were present at all edges of the image field whereas necrotic areas and mucinous components were excluded. Tumor budding was analyzed as previously described by Morodomi et al (15) . The extent of the inflammatory cell reaction in the invasive front of the tumor and the center of the tumor mass was also observed and classified according to the Klintrup-Makinen criteria (16) . Inflammatory reaction in the invasive margin and center of the tumor were scored on a 4-point scale: 0, No increase in inflammatory cell infiltrate; 1, a mild or patchy increase; 2, a prominent inflammatory reaction with some evidence of cancer cell destruction; and 3, florid 'cup-like' inflammatory infiltrate. The extent of necrosis and fibrosis in the central tumor was evaluated according to Richards et al (17) and graded as follows: Absent, none; focal, <10% of tumor area; moderate, 10-30%; or extensive, >30%. Crohn's-like aggregates of lymphocytes (CLR) were evaluated based on the Väyrynen criteria (18). CLR was defined as lymphoid structures surrounding the primary tumors, excluding mucosa-associated lymphoid tissue or pre-existing lymph nodes. Histological categorization of fibrotic cancer stroma was performed based on the criteria from Ueno et al (19) . Fibrotic cancer stroma was classified as follows: Mature, consist of mature collagen fibers and elongated fibers with fibrocytes stratified into multiple layers; intermediate, broad bands of collagen with brightly eosinophilic hyalinization and keloid-like structures; and immature, consist of randomly orientated keloid-like collagen bundles surrounded by myxoid stroma.
Morphological examination of inflammatory cells at the invasive front and in the center of CRC tumor tissue.
Tissue samples obtained from routine histopathological diagnosis were stained with H&E, and used to assess inflammatory cells in the invasive front and center of the tumor with light microscopy under a high-power magnification (x400; Leica DM6 B, KAWA.SKA, Sp. z o.o., Piaseczno, Poland). Analysis was performed by two independent pathologists blinded to patients' clinical information. Morphologically, neutrophils are polymorphonuclear cells with segmented nuclei that present clumped chromatin, eosinophilic cytoplasm and pink granules. Cells were counted and quantified as a percentage of all examined cells. Neutrophils were divided into three groups: 1, 2 and 3, whether they corresponded to 0, <20 or >21% of all cells examined. Macrophages are mononuclear cells that contain numerous lysosomal acid phosphatases in their cytoplasm. Eosinophils are double-segmented nuclear cells with acidophilic cytoplasm that contains large Babès-Ernst granules (20) . In the present study, macrophages and eosinophils were evaluated as absent (lack of cells) or present (>5 cells observed in the examined field).
Statistical analysis. Statistical analysis was performed using the STATISTICA 10.0 program (Statsoft, Cracow, Poland). A Mann-Whitney U-test was used to compare the groups. Correlations between the parameters were calculated using the Spearman's correlation coefficient test. P<0.05 was considered to indicate a statistically significant difference. DFS time was calculated as the duration between the date of the diagnosis and the date of disease progression, including local or distant relapse. The DFS rate was estimated using the Kaplan Meier estimator method and the survival curves were compared using log-rank tests.
Results

Neutrophils, macrophages and eosinophils in CRC tissue.
Neutrophils in the invasive front of the CRC tumor were absent in 48 cases (group 1), present in 77 cases (group 2) and a further 19 cases (group 3; Table I ). In addition, neutrophils in the center of the tumor mass were observed in 16 cases (group 2) and 40 cases (group 3; Table I ). The percentage of neutrophils in the invasive front were significantly higher compared with that in the center of the tumor mass (P<0.01). Macrophages and eosinophils were present in the invasive front and in the center of the tumor mass in 65-72% cases (Table II) .
Correlation analysis between each type of inflammatory cell.
According to the observations, neutrophils in the invasive front of the CRC tumor positively correlated with macrophages in the center of the tumor mass (R=0.239, P=0.004). Furthermore, macrophages present in the invasive front were negatively correlated with neutrophils, and positively correlated with eosinophils in the deeper layer of the tumor mass (R=-0.170, P=0.041; and R=0.318, P<0.010, respectively). Positive correlations between eosinophils from the invasive front, and macrophages and eosinophils in the center of the tumor mass were observed (R=0.315, P<0.010; and R=0.353, P<0.010, respectively). However, the presence of eosinophils was negatively correlated with neutrophils in the main mass of CRC tumor (R=-0.207, P=0.013). The results are presented in Table III . Table IV ). Macrophages were also associated with tumor stroma percentage (R=0.220, P=0.011; Table IV) . Patients with macrophages in the center of the tumor mass were associated with venous invasion, presence of deposits, and larger deposit size (R=-0.432; P<0.010; R=-0.158, P<0.010; R=-0.203, P=0.015, respectively; Table V) .
Neutrophils were positively correlated with the presence of deposits of cancer cells deposits (R=0.354, P<0.010; Table V ). In addition, neutrophils were positively correlated with deposits of >2.5 mm in size (R=0.170, P=0.041, Table V) .
The presence of eosinophils in the center of tumor mass was negatively correlated with tumor localization and deposits presence (R=-0.186, P=0.031, Table V; and R=-0.220, P=0.008, Table IV, Table III . Correlations of the cellular composition of inflammatory infiltration in the stroma at the front and tumor center of colorectal cancer. Table I . Evaluation of the neutrophils in the stroma at the front and tumor center of colorectal cancer.
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Group (percentage of neutrophils) Table II . Evaluation of the macrophages and eosinophils in the stroma at the front and tumor center of colorectal cancer. Fig. 1A) . However, the Kaplan-Meier curve analyses of neutrophils and eosinophils in the center of tumor mass were not statistically significant (Fig. 1B and C) .
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Discussion
Antigens located on cancer cells determine the reactivity and quality of the immune response. Immune system cells migrate to the location of a foreign entity and initiate the certain types of inflammatory cells, including macrophages, neutrophils and eosinophils. The present study demonstrated that neutrophils were mainly present in the invasive front of the primary tumor (60% of cases) compared with in the center of the tumor (30% of patients). Rao et al (22) reported that intratumoral neutrophil infiltration was observed in 45.4% of patients diagnosed with CRC. However, Arelaki et al (23) observed that neutrophils gradually move from the tumor mass to the invasive front. The present study also reported that neutrophils were located in the center of the primary tumor of patients with CRC was positively correlated with the presence of tumor deposits and the size of these deposits. Furthermore, the results from this study were consistent with the observations from Rao et al (22) who reported that the increase in the number of intratumoral neutrophils is associated with determinants of disease progression, including TNM. However, Galdiero et al (24) indicated that the density of tumor-associated neutrophils dramatically decreased in patients with stage IV CRC compared with patients with stages I-III CRC. Neutrophils are the first inflammatory infiltration cells that can activate further inflammatory reaction pathways, such as lymphocyte activation. However, a long-lasting infiltration of numerous neutrophils, particularly in the center of the tumor, causes the degradation of the extracellular matrix, leading to the secretion of metalloproteinases into the extracellular matrix, resulting in its degradation and enabling the progression of cancer development (25) . The presence and number of neutrophils in the primary tumor in patients with colorectal cancer may depend on the ability of tumor cells to evade the immune response (26) . Eosinophil granulocytes are involved in the following step of the inflammatory reaction cascade, originally in the allergic reaction, but also in the neoplastic changes (9) . The present study demonstrated that eosinophils were present in the invasive tumor front and in the center of the tumor in ~70% of patients with CRC. A previous study by Kiziltaş et al (27) confirmed the presence of eosinophil infiltration in ~75% of patients with CRC. In addition, Cho et al (28) observed a decrease in the number of eosinophils in the tumor tissue of patients with CRC. Furthermore, a previous study reported that a high percentage of eosinophils is present in CRC tissue (29) . The present study also demonstrated that the percentage of eosinophils in the center of the tumor mass was negatively correlated with the presence of cancer cell deposits. Prizment et al (9) reported that a high eosinophil score in the tumor is negatively correlated with age and tumor stage. In addition, Harbaum et al (30) demonstrated that increased peri-and intratumoral eosinophil counts are significantly associated with T and N classification, tumor differentiation and vascular invasion. The presence of eosinophils in the tumor center in patients with CRC may therefore influence the activation of the immune system due to their association with other determinants of disease progression.
TAMs are macrophages originating from the circulating monocytes subpopulation, which settle into the tumor tissue stroma (31) . TAMs divide into one of two subpopulations, M1 and M2. M2 TAMs possess the ability to secrete various types of growth factors that stimulate tumor growth and neoangiogenesis (32) . In addition, TAMs produce numerous proteolytic enzymes, including metalloproteinases and cathepsins, which are involved in extracellular matrix degradation that subsequently conditions the tumor cell aggressiveness and viability (33, 34) . However, some anti-cancer properties of M1 TAMs have been demonstrated in previous studies (35, 36) . The presence of both CD68-positive TAMs and VEGF were associated with better prognosis in colon carcinoma (36) . Due to their pro-and anti-tumor, the present study investigated the occurrence of TAMs in the tumor tissue of patients with CRC. The results demonstrated that such macrophages were present in 65-72% of all cases, in the invasive front and in center of the tumor. In addition, the present study revealed that presence of macrophages was accompanied by tumors primarily containing nonmucinous component. Colon tumors containing mucus-producing cells typically have poor connective tissue stroma. Compared with tumors with glandular cancer spurs, Nonmucinous tumors are widely distributed in a rich stroma. In this case, inflammatory cells have the possibility to accumulate and freely migrate (37) . The results from the present study confirmed that the presence of macrophages in the tumor center was associated with the tumor stroma percentage. In addition, the results revealed that macrophages were present in tumors that contained relatively more stroma compared with cancerous tissue. A previous study reported that TAMs present increased expression of tumor growth factor β and IL-6, which may activate tumor angiogenesis (38) . However, Funada et al (39) reported that low levels of macrophage infiltration at the invasive margin were associated with a higher rate of vascular invasion and lymph node metastasis. In addition, Zhou et al (40) demonstrated that a low TAMs density at the invasive front is associated with a higher occurrence of hepatic metastasis. According to Koelzer et al (41) , strong infiltration of TAM type M2 predicts a lower tumor grade and reduces lymph node metastasis. Ammendola et al (42) confirmed that macrophages presence is correlated with angiogenesis in patients with locally advanced CRC. Gulubova et al (43) reported that a low number of CD68-positive cells, including macrophages, is associated with disease progression parameters, including the presence of metastases in local lymph nodes, distant metastases, advanced tumor stage, tumor cell invasion of blood and lymph vessels or perineural invasion. This was consistent with the results from the present study, which demonstrated that the presence of macrophages was negatively correlated with the tumor disease progression factors, including blood vessel involvement and the presence and size of cancer cell deposits. The present study confirmed the crucial role of macrophages in the immune response from the tumors of patients with CRC. However, the exact subtype of macrophages involved requires further immunophenotypic assessment.
The cellular composition of inflammatory infiltrate may represent a potential prognostic marker for patients with CRC. The present study demonstrated that the presence of macrophages in the center of the primary tumor was associated with a significantly longer DFS time. The beneficial effect of the presence of macrophage infiltration on the DFS of patients with CRC was also confirmed by Funada et al (39) , Zhou et al (40) , Gulubova et al (43) and Kinouchi et al (44) . The present study investigated the association between neutrophils and eosinophils located in the tumor center with DFS. No significant differences were observed, conversely with previous studies that indicated a beneficial effect of neutrophils and eosinophils in the tumor center on CRC patients DFS (9, (44) (45) (46) .
In conclusion, the results from the present study confirmed the importance of assessing the cellular composition of the inflammatory mass in the primary tumor of patients with CRC. Notably, macrophages located in the stroma of the tumor center were associated with a longer DFS in patients.
